ARR Nov. 19U1 



NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 



WARTIME REPORT 

ORIGINALLY ISSUED 
November as 
Advanc e g0HKKttfj00 Report 

t 

WIND-TUNNEL DEVELOPMENT OF A PLUG— TYPE SPOILEB-SLOT 



AILEBON FOR A WING WITH A FULL-SPAN SLOTTED FLAP 



AND A DISCUSSION OF ITS APPLICATION 
By Francis M. Eogallo and Robert S. Swans on 



Langley Memorial Aeronautical Laboratory 
Langley Field, Ta. 



NACA 

WASHINGTON 

NACA WARTIME REPORTS are reprints of papers originally issued to provide rapid distribution of 
advance research results to an authorized group requiring them for the war effort They were pre- 
viously held under a security status but are now unclassified. Some of these reports were not tech- 
nically edited. All have been reproduced without change in order to expedite general distribution, 



L - k20 



WIKD-TUEiTlE DEVELOPMENT OF A PLUG-TYPE SPO ILEE-SLOT 



ivILSEOF POE A VI1TG WITH A PULL-SPAS' SLOTTED FLAP 
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SUMMARY 



An investigation was made in the Ha OA 7- by 10-foot 
xvind tunnel of several arran-geEents of a plug-type, spoiler- 
slot aileron on an ITACA 35012 airfoil with a full-span 
slotted flap, One arrangement was also tested on a wing 
with a full-B-oan split flap. The plug-type aileron is es- 
sentially a tapered plug that fits into a slot through the 
wing so as to conform to the original external wing con- 
tour when in the neutral position. When deflected, the 
plug projects from the upper surface of the wing as a 
spoiler, r,t the same time leaving a slot through the wing 
behind the spoiler,, The static rolling, yawing., and hinge 
moments were determined and are presented for several an- 
gles of attaclt ?nd flap deflections. 

The results indicated that a plvg-type, spoiler-slot 
aileron probably has negligible drag in the neutral posi- 
tion and will provide satisfactory lateral control for air- 
planes equipped, with full-span slotted flaps. The aileron 
when located as tested was unsatisfactory for use on a wing 
with a full- span split flap but may be satisfactory if up- 
rigged about 10° when the flap is deflected or if located 
nearer the trailing edge. 

The application of this aileron to a pursuit-typo air- 
plane is considered ^nd the resultant characteristics are 
estimated, Flight tests of the device on an airplane with 
a full-span slotted flap- are recommended. 



IHTEOSUCTIOH 



Tho HACA has recently undertaken an extensive investi- 
gation, for the purpose of developing lateral— control de- 
vices primarily for use with full-span trailing - edge high- 
lift devices. In ti!3 present investigation s?. spoiler- slot 



2 



aileron has been developed for use on a wing with a full- 
span slotted flap, Several different "basic shapes of the 
aileron were tested .~t a single angle of attack of an air- 
foil with a flap neutral and deflected 40°; and some pr - 
rangements of the device were tested at several angles of 
attack with the flap neutral and deflec ted 20 , 30% and 
40°» Static rolling, yawing, and hinge moments were deter- 
mined-. Lag tests were not considered necessary because 
previous tests of similar devices (reference l) indicated 
that the lag will probably be acceptable when the devices 
arc located relatively near the trailing edge of the air- 
foil, 

APPARATUS AND METHODS 



All tests were made in the BXCA 7- by L0- foot closed- 
throat wind tunnel (see references 1 and! 2) at an air speed 
of ah out 40 miles per nour 8 corresponding to an effective 
Reynolds numhor of approximately two millions. The tost 
set-up is shown schematically in figure 1» The aileron 
was installed in the outer 0,37 "o / 3 of a 4- "by 8-foot 
HA OA 23012 airfoil with a 0„2666c full-span slotted flap, 
The slotted-flap installation was the installation desig<- 
nated 2-h in reference 2 and the flap was operated along 
the recommended optimum path, One aileron arrangement was 
tested with a 0,20c full-span split flap deflected 60 . 
The airfoil was suspended horizontally in the wind tunnel 
with the inboard end- attached to the tunnel wall so as to 
simulate the semi span of a 16-foot wing. The attachment 
at the tunnel wall restrained- the airfoil in pitch but not 
in roll or yaw. The forces necessary to restrain tho out- 
board end of the airfoil were determined by means of the 
regular balance system. The lift of the airfoil with the 
aileron neutral was computed from the vertical outboard re- 
action and the assumption that the lateral center of pres- 
sure of the semi spaa was 0 9 45 %/% from the plane of symme- 
try, The rolling moment was computed from the difference 
"between tho vertical reactions at the outboard end of the 
airfoil with the aileron neutral and deflected; tho yawing 
moncnt was determine:! similarly from tho horizontal rcac- 
t i ons » 

The aileron was manually operated by means or" a crank 
outside the tunnel wall near the inhoard end of the model.. 
Tho aileron hinge moments were determined "by means of a 
calibrated torque rod connecting the aileron and tho crank. 
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The plug-typo nilcron is essentially a tapered plug 
that fits into a slot through the wing so as to conform to 
the original external wing contour when in the neutral po- 
sition, When deflected, the plug projects from the upper 
$ surface of the wing as a spoiler, at the same time Leaving 

t a slot through the wing "behind the spoiler. The two ailer- 

on arrangements most completely tested are shown in figure 
2» Sketches of other arrangements, which were preliminary 
steps in the development of those shown in figure 2, are 
given in the figures that present the test results. 

RESULTS AFB DISCUSSION 



In the presentation of results, the following symhols 
arc: used: 

C L lift coefficient (L/qS) 

Cj 1 rolling-moment coefficient (L'/qhS) 

C^ 1 yaxtfing-moment coefficient (jJ'/qhS) 

8 S stick deflection 

8 a aileron deflection 

F g stick force in pounds 

E a aileron hinge moment, inch-pounds at 40 miles 
per hour 

c airfoil chord 

L twice tho lift on the half-span model 

S twico tho area of the half- span model 

"b twico the span of the half- sgan model 

L' rolling moncnt about wind axis 

IT 1 yawing moment about wind axis 

q dynamic pressure of air stream 

a uncorroctcd angle of attack 
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A positive value of L ! or Oj 1 corresponds to a dc~ 
crease in lift on the model and a positive value of IT 1 
or C n ' corresponds to an increase in drag on tho model, 

A downward deflection of the ailerons is considered posi- 
tive, as i s the case of conventional ailerons* Twice tho 
actual lift, area, and span of tho Eodel were used in the 
reduction of results because the model represents half of a 
complete wing, as previously stated, Ho corrections have 
"been made for the effect of the tunnel walls although it is 
"believed the corrections may he rather large for this set- 
up • 

The results of preliminary tests in which the basic 

shape of the plug-typo spoiler- slot aileron was varied 

over a fairly wide range, including spoilers without slots 

(retractable ailerons), are presented in figures 3 to 6» 

These tests were made with the airfoil set at 8° angle of 

o 

attack and with the flap neutral and deflected 40 . 

An opening in the lower surface of the airfoil without 
a slot completely through the airfoil (a condition true at 
aileron deflections below 54' for the device of fig. 3) had 
little effect on the rolling- and yawing-rnoment coeffi- 
cients. (See fig. 3.) At aileron deflections above 54 , 
where x slot ,;as actually opened through the airfoil, an 
increase in rolling-moment coefficient was noted-, The 
rolling-moment characteristics of the devices shown in fig- 
ure 3 are considered unsatisfactory because of ineffec- 
tiveness at low aileron deflections, particularly with the 
slotted flap deflected. The hinge-moment characteristics 
are unstable and t xeref ore considered unsatisfactory. 

A slot open through the "irfoil at all negative (up) 
deflections of the aileron caused a marked increase in tho 
rolling-moment coefficient, as shown in figures 4, 5, and 6, 
especially at low aileron deflections where the spoiler 
alone is si own to he ineffective, In a previous investi- 
gation of such spoilers (reference 3) this region of in- 
effectiveness was not detected because the low deflection 
range was not investigated,, In figures 5 an? 6 a varia- 
tion of siot width from 0.030c to 0,015c was effected by a 
removal of tho rear half of the plug and a lengthening of 
the lover rear lip of the slot so that in all cases the 
slot was closed when the aileron was neutral or deflected 
downward. The rolling- and. the yawing-noment characteris- 
tics of these spoiler -slot combinations wore considered 
generally satisfactory but their hinge-moment characterise 
tics near the neutral position were not, Tho narrowest 
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basic shape (see fig, 4) was chosen for further develop- 
ment because it had tho lowest hinge moments and its 
rolling- and yawing-noment characteristics were consid- 
ered as sat i sf act ory as those of the thicker ailerons, 

jg So tie detailed, aileron alterations that were made 

«*" solely to improve the hinge-nonent characteristics are 

-3 shown in figure 2, One of the most important alterations, 

t\fo foms of which are shown in figure 2, was to provide 
air vents in the spoiler with inlet openings that project- 
ed below tl:e lo\^er surface of the airfoil when the aileron 
was deflected positively. The purpose of these vents was 
to increase negatively the hinge nonents of the aileron 
when at positive deflections by increasing the pressure in 
the chamber bnhind tho spoiler. In order to illustrate 
the effectiveness of the vents in the range between 
S a = 5° r nfl 8 S = 15°, (in which range the modifications 

to the top of the plug had negligible effect, as shown in 
fig, 7) the hinge-nonent curves of figure 4 may be connared 
with those of figure 8, 

The plates on the upper surface of the spoiler on ar- 
ranger, ents A and 3 (see fig. 2) were tilted and Dent, re- 
spectively, so that the trailing edge projected slightly 
ahove the airfoil contour when the aileron was neutral. 
This modification , which increased the hinge aoments pos- 
itively at negative (up) deflections as shown in figure 7, 
could easily he made as an adjustment in a practical in- 
stallation. If the plate were hinged and its angle varied 
hy means of a suitable linkage the hinge-moment character- 
istics could he further modified. 

The slots or gap G- through tho top of the spoiler 

(fig. 7(a)) were provided to eliminate the burro in tho 
hingo-mo '.lent curve at very small negative deflections. li- 
the slot:: arc made appreciably larger than those shovn in 
figure 2, however, they will decrease the of f oct ivenoss of 
the aileron at low deflections. 

In order to dot ermine the effect of more quickly ex- 
posing tho vent when the aileron is deflected downward, 
tho plate P (fig. 7(b)) was removed. Although removing 
this plate was considered beneficial to tho hinge-moment 
c h ar nc t c r i s t i c s , it was thought best to leave the plate in 
place to a% r oid increasing the drag of the airfoil wit . the 
aileron neutral. 

Rolling-, yawing-, and hinge-moment characteristics 
of the aileron arrangements shown in figure 2 are presented, 
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in figures 8 and 9, In general, the characteristics of 
these irrangenents of the plug-type spoiler- slot aileron 
were sinilar and wore considered satisfactory at all an- 
gles of attack and flap deflectioas tested, although the 
r olling-nonent coefficient ohtainecl on the plain, airfoil e.t 

~ "0.8 was snail and the corresponding hinge— nonent 
curve ind lcated that the systen would be overhalanced. It 
should he noted also that when the flap was deflected- 40° 
and the angle of attack was -6°, the r oil ing-raonent coef- 
ficient was slightly negative for snail aileron deflec- 
tions, This characteristic is thought to ho acceptahle 
"because it did not occur at other flap deflections or an- 
gles of attack. 

Moa-sur orients showed that the increment of drag due to 
these spoiler-slot ailerons when in the neutral position 
was very snail, as would be expected, because they entail- 
little departure fron the original contour of the airfoil,. 

The aerodynanic characteristics of ailerons of the 
type discussed in this paper ere very largely dependent 
upon their chorclwise location and upon the type of trailing- 
edge high-lift device euployed* ilovenent of the aileron 
forward in t ae wing is thougnt to be detrinental » whereas a 
rearward novenent nay be "beneficial » Arrangenent A (see 
fig. 2(a)) in its present location, (rear edge located at 
0.67c) was considered unsatisfactory when \ised in cgnhi na- 
tion with a 0.20c fxtll-span split flap deflected 60 .'see 
fig. 10) "because of ineffectiveness at low deflections, 
but it might have been satisfactory if it had been located 
farther rearward, as i s possible with such a flap installa- 
tion, In this connection, it is well to note tkat a re- 
tractable aileron 1 o c a t e -at 0,0?7c (0,10c "behind arrange- 
ment A) has been teste 3 in flight (see reference 4) on a 
wing with a full- span split flap and was considered satis- 
factory "by the test pilots, JUven in the position tested 
the plug-type, spoiler- slot aileron would be considered 
satisfactory on a wing with a full-span split flap if the 
ailerons were upriggefi about 10° when the flap was do- 
f lect ed. 

APPLICATION 



In order to give sone indication of the stick- force 
characteristics of the plug— type spoiler- slot aileron on 
an actual airplane installation, an aileron control system 
was designed and its characteristics were estirmted for a 



i 



typical pursuit airplane, (These computations can also "bo 
directly compared with the computations of the character- 
istics of other lateral-control devices for use on the sarse 
wing with full- span flays, as given in references 5 and 6.) 
The general arrangement of the wing is shown in figure 11, 
A full- span slotted flap of 0,20c is indicated although the 
flap on the wind-tunnel model was about 0.25c* It was as- 
sumed that aileron characteristics at a given flap deflec- 
tion and lift coefficient are independent of flap chord 
over the range of flap chords fron C.20c to 0 o 30c. Each 
aileron has a span of 115 inches or 0,514 b/2, as shown in 
figtire 11» Gross sections at the inboard and the outboard 
ends of the ailerons arc shown in figure 12; notice the al- 
ternate suggestions for plug c onstrr.ct i on . In either de- 
sign tae rear openings of the vents should be within tn© 
wing contour with the aileron full down and the upper plate 
should be free to be bent up. A schematic diagram of the 
aileron operating linkage is shown in figure 13; the angu- 
lar deflections and the mechanical advantages of the ailer- 
ons relative to the stick are shown in figure 14. 

The computed aerodynamic characteristics of the ailer- 
on system (see fig. IS) are base:! on the simple but approx- 
imately correct assumption that the rolling- and the yawing- 
moment coefficients <?ue to the ailerons vary directly with 
the aileron span, in pel-cent of wing semispan, and with the 
distance from the aileron axis to the downstream edge of 
the top f?ce, a, distance approximately proportional to the 
projection at any given aileron deflection, in percentage 
of the wing chord at the aileron. The section hinge moment 
was assumed to vary directly with the width of the top face 
and- with the distance fron the aileron axis to the down- 
stream ec.ge of the top face; this variation was indicated by 
an analysis of the hinge-moment data of figures 4, 5, and 
6. The aileron-control characteristics presented cover the 
range of lift coefficients estimated for the wing in %he 
tunnel. (See Apparatus and Methods for lift- coefficienl 
estimation.) This lift range v/g,s probab^ greater than 
could, be realized on the airplane, even if the chord of the 
slotted flap were increased to 0.25c. 

The a i le r o n - c o a tr o 1 characteristics given in figure 
15 may be directly compared with those given in references 
5 and 6 because the same airplane was assumed in the three 
sets of computations. Although the maximum stick Ceflec- 
tion in degrees was slightly altered, the stick travel in 
inches was the same. At a lift coefficient of 0.17 with 
the slotted flap neutral, the stick forces on the spoiler- 
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slot aileron were estimated to be less than those of the 
0 e 10c plain aileron for rolling-nouent coefficients, C^ 1 , 

loss than 0.022; at higher values of C-^ 1 the spoiler- 
slot aileron has tho higher stick forces, The stick forces 
due to the spoiler- slot aileron appear to be no higher than 
for systens *rith plain ailerons of about 0»15c (see refer- 
ence 6) and these forces may he further reduced by a de- 
crease in the width of the plug; i f nay he recalled 1 , that 
one of the objections to a thin-plate retractable aileron 
wast he almost complete absence of aerodynanic hinge noaent. 
(See reference 4») It should "be pointed out, however, that 
as the spoiler- slot aileron thickness is reduced, the slot 
width is reduced and the, device be cones nore nearly a re- 
tractable ailer on . a device that wind-tunnel tests have 
shown to be ineffective at low aileron deflections. Thick- 
ness variations over the range of the present tests (see 
figs. 4, 5, a^d 6) did not show any reduction of aileron 
effectiver ess with plug thickness (or slot width) at low 
deflections. If the device is t o be applied to very large 
os very fast airplanes,, additional tests should bo r;.ade on 
ailerons designed to give snail stick forces. 

Except for tic somewhat high stick forces at high 
speed, the spoiler-slot aileron appears to be aerodynamic— 
ally as good or better than any of the plain and the slot- 
liv aileron combinations discussed in reference 5. Mechan- 
ically, the spoiler- slot aileron allows an aileron linkage 
system far simpler than any discussed in reference 5. The 
structural design may present some problems not encountered 
in the design of conventional trailing-edge devices, but 
the difficulties do not appear to be serious. 

Because the plug-type aileron must displace some air 
from the slot in moving downward fron neutral, its action 
is similar to that of a viscous damper or dashpot. There- 
fore, it "ay So inherently free of aileron flutter* Until 
flight tests show it t c be unnecessary, however, mass bal- 
anci ig is recomr.end.ee 1 ■ 

The danger of icing of the spoiler- slot aileron has 
been voiced as an objection. If tho device proves t o be 
otherwise acceptable, however, it is felt that it jay be 
made reasonably free of any icing hazard by the application 
of heat or of de-icing fluid or by v.aking some or" the ai- 
leron parts of flexible material so that the ice will be 
broken off by contact. 
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CONCLUDING HI MARKS 



The results of this investigation indicate that a 
spoiler-slot aileron will provide satisfactory lateral 
control on airplanes equipped with full- span slotted flaps. 
Because the aileron reqaires no large slots or openings in 
the wing when it is in the neutral position, it should bo 
acceptable for use on modern high«perf ornance airplanes ■ 
The spoiler- slot aileron located as tested was considered 
unsatisfactory for use on a wing with a full- span split 
flap unless the aileron is uprigged when the flap is de- 
flected,, out it nay "be satisfactory when located nearer 
the trailing edge. Flight tests of the device on an air- 
plane with a full- span slotted flap are recoanonded. 



Langley Manorial Aeronautical Laboratory, 

National Advisory Connitteo for Aeronautics, 
Langley Field, ?a. 
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